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What is a Nuclide Chart?

Z = constant:

Unstable (radioactive):

Stable nuclides:
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Extremities of the
white regions are

Tknown as the proton

and neutron drip-
lines

Nuclei with even
numbers of protons and
neutrons are more
stable. The stability is
extremely significant for
special numbers of
protons and neutrons i.e,
2, 8, 20, 28, 50, 82,and
126. These are the
magic numbers

For light nuclei, N = Z, but with increasing Z, N > Z, i.e. the number of neutrons increases
more strongly than the number of protons. Note that the stable isotopes lie within a relatively

narrow range indicationg that the neutron to proton ratio must have a certain value or r

be stable
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Nuclide : A type of atom specified
by its atomic number, Z, mass
number, A, and energy state.

lsobars |sotone

1)

Isotopes : meaning at the same @
place in the periodic table » o Z

nuclides with same Z. lsotopes lsotope
z 5

i 7

Isotones : nuclides with the same

N(:A-Z). 60 82 66 68 | 68 ?ﬂ\
Isobare

lsotones

Isobars : nuclides with the same
A.
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The Quark Structure of
Nuclei

Quarks were proposed in
independently by Gell-Mann
and Zweig in 1964 as the basic
building blocks of matter. The

Protc_m

word "quark" was coined by Neutron
Gell-Mann based on the sound

made by ducks. Later, he

discovered the use of the word

quark in James Joyce's book

Finnegan's Wake.
The quark structure of nucleons: the proton consists

of two up quarks (red) and one down quark (blue)
and the neutron one up and two down quarks held
together by powerful gluon fields. (Right) the overlap
of protons and neutrons in a helium-4 nucleus based
on the static sizes of particles © American Physical
Society, 2003.
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Use of colours in the Karlsruhe Nuclide Chart:

Bi 209

Already in the first Edition of
the Karlsruhe Chart of the

100

_ 1.9-10"% a
Nuclides, colours were used 3137

. . o 0.011 + 0.023
to indicate the decay modes o oy <BE-7

black = stable nuclide; Pb 208
yellow = a-decay; 52.4
red = 3* decay or electron

capture; o 0.00023
blue = [}~ decay; 2 on, a <8E-6

white = isomeric transition).

y
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When a nuclide has more than one decay mode, coloured triangles
give a rough indication of the branching ratios of each mode.

Left: The large triangles used in 1-126, indicate the branching ratios for
electron capture € and 3- emission are = 5 %, but < 95 % respectively.

Note that the decay modes are listed in the order of decreasing
frequency.

Right: The small triangle used in Tc-100 indicates that the € branching
ratio is <5 %. The corresponding branching ratio for 3- emission = 95 %.
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Institute for
Transuranium
Elements

B 11
80.1

LU
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9.012182 6.8 eV 100

67-10"s

o 0.0088

Li
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—_—
He He 3
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Nuclear decay

processes on the
nuclide chart. A nuclide
with “co-ordinates”

Z N transforms to the
nuclide Z",N” through
the decay processes

shown

Radioactive Decay Processes

£+2

/+1

=l

L2

> N

N NN
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Radioactive Decay on the Nuclide Chart...

stable:
summary:
B e/p*

p decay:

o decay:

e —

n emission:

-

spontaneous
fission (sf):

M =1 M M+

y
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JBC Karlsruher Nuklidkarte: Th232 decay chain ’Ltl/t
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Z A
90
stable nuclide: primordial nuclide:

a8
unstable nuclides:

RAn 220
ar
s56s half-life

« decay B-decay P+ decay or e,
86 electron capture

85
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Activation processes
and nuclear reactions
on the nuclide chart. A
target nuclide with co-
ordinates Z, N
transforms to the
nuclide Z",N” through
the processes shown

Nuclear Reactions:

+2

ikl

Z
'y
o,3n |o,2n| o, n
b A4
P, n 5’1‘; 0L, np
4
YvB,n Target n,y
n, 2n nuclide | *d! p
R
Pt Y.p S
d,o |l n,pn d
1 4
n, o
N-1 N N+l N+2

> N
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“Karlsruher Nuklidkarte” tl/t

G.T. Seaborg, 1951 W. Seelmann-Eggebert
» Representation of nuclides in a proton/neutron map “El profesor aleman”

system (Fea 1935, Seaborg, 1940, Segre 1945)

® 1958 first edition of the “Karlsruher Nuklidkarte” W. Seelmann-Eggebert and G.
Pfennig from the Karlsruhe Radiochemical Institute.

= 267 stable and 1030 radionuclides for 4 decay modes nudeomca.-::
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|
Element 101
p radioactivity
Element 107

| 1

Number of Nuclides

1

=

Cluster emission
Element 108 1

Bound I} decay

Element 112
2p radioactivity
" Flement 118 |

Discovery of New Nuclide Data

Number of Nuclides for the 7th edition: 2962 ground states and 692 isomers
Progress in nuclear structure knowledge
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1 Between the first edition and the 7th edition
the number of nuclides has increased
from 1300 to 3000. Theoretical
predictions are expecting 6000 possible
ground-state nuclides
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Where do we find nuclear data in Nucleonica®?

Institute for
Transuranium
Elements

Logoed in a=: magil #3 Metworking =5 Muclear Science @, Search Forum Calculator & Privagy  § Legal x| Logout

I“ILIC'ECJHICB%.. ... web driven nuclear science

Applications My Preferences &3 Help

uclide Explor # Application Centre \Welcome, Joe
. Edit Preferences | Administration
¥ Mass Activity Calculator
e ' iy MyCommunity Portal
» Decay Engine
w" . - * My Last Huclides
r#,..e-'“ » Dosimetry & Shielding .
i &) 91 Paz3D
i » Range & Stopping Power -
i K= 81 Paz3d
et » webKORIGEN -
& [ ] &4 94 Puz3g
» Universal Muclide Chart | )
1 | ¥ S56Bal133
¥ Transport & Packagin .
= e @ 7T IMez

* Search Hucleonica Documentation

¥ Muclide mixures

# Actual Chart: Karlsruhe * My Huclide Mixtures

» Mucleonica Scripting
Matural Uranium

Depleted Uranium (0.4%U235)

» Library creation for 3rd party software

» Radiological Dispersion Module

G Ba-Pu
Search ¥» Gamma Spectrum Generator (IE only) o

U232(0.4g)+CoB0(0.6g)

» easy Monte Carlo (IE only)

licle strisy U232+Cos0
& MNuclear Data Retrieval %» Cambio file Converter

¥ Extended Graph Module * My Sources
a8 name3_srce.xml
l. Data Centre 35 Puz3nig
nucleonlca.-.- e > My Messages
[WI|(I] % Nuclide Reference Data MNo mezsages for you at the moment
» Nuclide Derived Data ¥ User Alerts
» Average Cross Se No alerts at the mement
Radiations
Prompt Ga
» Fission Yields
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Physical Constants

- : Phyzical Constants Corveersion Factors Piefizes / Graek Alphabet Radiclagical Limitz
3. MUcsioa Explores *+ Application Ceditre

Radiological Limits

Whorkers Apprentices and Students Members of the Public

¥ Search Hucleonica Documentation .

Search

Alpha
Workers 5
: Beta
-IZ
: Gamma
nuclennlca‘f:
o Awiki) Delta
> Limit on effective dose for exposed Epsil
woarkers in a consecutive 5 years 100 m3v 20 mSwly 20 mSwly 20 m3wly e
period: Zeta
e n s OLLLLLITO LLLCETE . . .
I'u1_a)(|mum e.ﬁec’[lve dose in any 50 mSwly 50 mSvly 50 mSwly 50 mSvly Eta
single year:
) . Theta
Equivalent dose limit to the foetus,
i i lota
accumulated overthe period of time 1 mSy 2 mSy 1 msw
between declaration of pregnancy to Kappa
the delivery date:
Pregnantwoman 2 m3vim ——
Total work life (50 y) 400 mSv -
Partial body exposure: Mu
imi i Xi
Limit on eq.uwalent dose for the lens 150 mSuiy 150 mSuly 150 mSuly 150 mSuly
ofthe eyes: Omicran

Limit on equivalent dose for the skin: 500 mSwiy 500 mSwly 500 mSwiy 500 mSwly

Limit on equivalent dose for the ..
hands, forearms, feet and ankles: 500 mSvly UL ZLELLEL L nuc|e0n|ca‘-.
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Pu238 o .
24E4 Fission Yields

94 Plutonium

Current Chart: Karlzruhe ]
’:M"dmpmr; : ;‘mmmnwéﬂle Element. Mass:
/i/ Select Fizzion “ields |
- - P —— Library: JEFF-3.1
Type of Fizzion: Thermal fizzion
¥ Sparch Hucleonics Documantation - Total number of fizzion products: 25
| e
B tuckor Data Rebieval Compare 55 Cs 135 23 (x3) My 8.54E-05 3.04E-05 7.38E-02 2.36E-02
: : : Compare 55 Cs 133 Stable 2.26E-07 8.21E-08 §.99E-02 1.26E-03
: nucleﬁnlca": : Compare 56 Cs 137 30.04 (£ 3)y 4 57TE-03 1.62E-03 6.59E-02 8.03E-04
L . [W'k‘] T Compare 55 Cs 138 3341(x18)m 4.27E-03 1.44E-03 5.94E-02 1.61E-02
—P> Compare 55 Cs 139 927 (x5)m 2.30E-02 5.12E-03 5.72E-02 9.18E-04
Compare 55 Cs 140 1.062 (x5)m 27TE-02 4 64E-03 4 45E-02 1.12E-03
Compare 55 Cs 141 2494 (£ 6) s 2.92E-02 4 50E-03 3.38E-02 1.73E-03
Compare 55 Cs 142 170(x2)s 1.52E-02 3 E7E-03 1.63E-02 2.48E-02
Compare 55 Cs 143 1791 (=7)s 5.95E-03 1.87E-03 G.06E-03 1.61E-03
Compare 55 Cs 138m 291(=8)m 6.06E-03 2.04E-03 6.06E-03 1.85E-03
Compare 55 Cs 144 994 (£ 4) ms 5.69E-04 2.02E-04 8.62E-04 2.21E-04
Compare 55 Cs 136 13.03(x7)d 5.88E-04 2.07E-04 7.60E-04 2.15E-04
Compare 55 Cs 144m 10(x0)s 5.69E-04 2.02E-04 5.69E-04 1.99E-04
< Compare 55 Cs 136m 19(x=2)s 3.45E-04 1.21E-04 3.45E-04 1.21E-04
Compare 55 Cs 145 594 (£ 13) ms 1.81E-04 6.42E-05 1.81E-04 6.38E-05
Compare 55 Cs 135m 53(x2)m 5.22E-05 1.86E-05 5.22E-05 . 1.86E-05

Graph I.
' : —— = : , - nucleonlca.'.'
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nucleonica Wg® ... web driven nuclear science
N
N uCl I de I X I Orer Views Applications My Preferences % Help
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: Z=82 =t 1
: &0
. Element: Mass:
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): Search Hucleondca Documentation . Zoom (=]
Search N N
; 3 i o] M=20 MN=28
o : View: @ @\ Q Q e 0 i
‘ X ‘ : : : - — 50 =50 ]
2 N 5 User defined -
-. ! 40
ﬁr : DL LD : Select colour theme: Kr
nucleonica - : % Physical Congtants : h=G
[wiki] : % Nuclige Referan 30 n
..... it os — I 1 7=28
NG : Standard w
» !
== 2 : [#] aipha 0 1720
: : : : 7
. . - ®» P 3 - o - =
e e e [beta - I "0 i M=52 N=125
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[l He = EEE H=7=2
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n u] 10 20 30 40 a0 [=1] 7o &0 a0 100 110 120 130 140 150 160 170
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Nuclear Data

Retrieval.

 Wuctice Explorer |

¥ Search Bucleonica Documentation

Actual Chart. Kartsruhe

Search
e

Ruciear Data Retrieval

> Auplication Cefiire
© » Mass Activity Galculator

. % Decay Enging

T elee T REELELE L

- Range & Stopping Power

- » webKORIGEN

* % Universal Nuclide Chart

B Transpori&Packsging - - - - - < -

: » Nuclide midutes
_ % Mucleonica Séripting

tion for 3rd party software

ogical Dispe:
pecirum Generator (IE only)
: » easyMonte :.:s':o (IE only) :

Nucleonica Data Centre

nuclecjnlca.'.'

Reference Data 5

: » Nudlice Dérr-éﬁ Data -
| » Awerage Cross Sections

. » Radiations .

- ®» Prompt Gamma

e Fsion YIEHE Tttt

v

NucleonicadEFF-3.1 | EGAF Prompt Gammas ICRF Bth T able of Isotopes

st e

All | None |

Muclide Search R adiation Search | Advanced Search
Radiation Search \search Variables & Range
(%) Gamma and X-Rays Energy: |1UU | +- |1 |ke\.-’
Alpha 200 |+ [1 |kev
d 1300 | |1 =
N
Z | | Element:
Mass | | | |
number: -
Half-life: | || Seconds V| - | || Seconds V|
Search | Save to my defaults | Reset |
Search returned & results
Number of nuclides (ground + izomeric states): 2
60 Nd 132 299 0.010584 147 (211)m
60 MNd 132 1991 0.005292 147 (211)m
60 MNd 132 981 0.009408 147 (211)m
60 MNd 151 20058 0.018221 1244 (£ 7)m
60 Nd 151 199.68 0.00266 1244 (£7)m
60 MNd 151 1001 0.0003458 1244 (+7)m
Download (@ Excel O CSVY  separater: | Semicolon (7)) v | [#] Use field qualifier ()
AT d AlT 3- AT B+ AITTT
All Meutron All 5F All Proton All ec

Institute for
Transuranium
Elements
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Nucleonica Data Centre

Institute for
Transuranium
Elements

. Nuctice Explorer |

*» Application Ceftre

- » Mass Activity Galculator

* % Decay Enging.

. » Universal Mudiide Chart

Actual Chart. Karisruhe

2 Search Hucleonica Documentation .

Search

sear Data Resrieval

nuclen:jml:a.‘f

Cdwiki] s

: % Nuclide miduf
. % Nucleanica Script

> % Libra

S

jon for 3rd party software

: » Radiological Dispersion Module

drum Generator (IE anly)

(IE only)

© % Average Cross Sections

. » Radiations .
- » Prompt Gamma

e Fision Yiglg ittt

Try it out! http://www.nucleonica.net/Applet/universal chart.aspx

File Options Help

Select Nuclide
Uranium u 238

Element name Chart Size

Decay Chain Reaction Path Colour 15x15

Bk 239 (Z=97, N=142):
halflife: 3.0 min
burnout time: No data!

CrossSections (barns): No data!

Daughters:
Alpha ( Am 235)
B+ | m 239 )
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232 233 U234 2345 236 235
B985y 1.6Ea Yy 25Eay TOERY 24ETy 4 5E9 vy
97 —
26 m
Pa2iil
J2E4Y
91 —
Select
190 Thorium 232 |
Element: Mass: Th220 Th230
|Th v| |232 v| 7.3E3y 7.5E4y AE10y
a0
Zoom Highlight daughters

2024

Showe decay chain
View: @ Q QJ 5

Reference Data

5 |

29 — Element Information

Decay Endine
Select colour theme:
Dosimetry & Shielding

| Standard hd | et imane
slpha a8 — Remove red border
heta - - Cancel
[ et I
I
1 1 | 1 1 1 1 | 1
[¥In 38 139 140 141 142 143 144 145 146
SF
Ground state: 3127 nuclides from 2127 Metastable: 769 nuclides from 7639 Total: 2895 nuclides fram 3296
¥|p

Fec ]
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